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LHSULYDWHRUSXEOLFUHTXHVWV$VSHUVXUYH\LQGDWDFHQWHUFRQVXPHGDURXQGELOOLRQN:KZKLFKLVHTXDO
WR RI WRWDO SRZHU FRQVXPHG E\86$ DQG LQFUHDVLQJ\HDUO\ ,Q JHQHUDO&ORXG&RPSXWLQJGHDOVZLWK
YDULRXVSRZHULVVXHVOLVWHGDVIROORZVDVFORXGFRPSXWLQJDGRSWHGE\LQGXVWU\DQGQXPEHURIXVHUDOVRUDSLGO\
JURZLQJZLWKQXPEHURIGDWDFHQWHUVZLWKLQFUHDVLQJSRZHUFRQVXPSWLRQ/RDGGLVWULEXWHGDPRQJGDWDFHQWHUV
ZLWKRXW KDYLQJ LQIRUPDWLRQ RI SRZHU FRQVXPHG E\ WKHP FRPSDUH WR XVXDOO\ FRQVXPHG SRZHU LQ XQGHU ORDGHG










ZDVWHVRISRZHUDVPXFKDV5HTXHVW W\SHPDNHELJGLIIHUHQFHRIVHUYLFHV LIUHTXHVWVDUHSULYDWH WKHQVHUYLFH
SURYLGHUKDVWRWDNHLWDVKLJKSULRULW\DQGORZSULRULW\WRSXEOLF
7KLVSDSHUIRFXVRQWKH90DOORFDWLRQDQGORDGVKDUHDOJRULWKPWKDWHPSKDVLVKDUGZDUHFDSDELOLW\DQGIXQFWLRQDOLW\
RI K\EULG FORXG FRPSXWDWLRQ 3URSRVHG DOJRULWKP OHDG FRPSXWDWLRQ LQ HIILFLHQW HQHUJ\ FRQVXPSWLRQ LQ QHZ
GLUHFWLRQVDQGLPSURYHGXWLOL]DWLRQRIDOOUHVRXUFHVDVZHOOORDGEDODQFHDPRQJGDWDFHQWHUVDFFRUGLQJO\7KHUHDUH













FRPSXWDEOH DV VRRQ DV SRVVLEOH WR VHUYH UHTXHVW DQG UHVSRQVH WKHP EXW VRPH WLPH GXH WRPRUH WKDQ LWV UHTXHVW
VHUYHU FDSDELOLW\ RU GXH WR RYHU ORDG  UHTXHVWV FRPHV DQG TXHXHG DQG GDWD FHQWHU FRPSXWH WKH WDVN ZLWK LWV
PD[LPXPVHUYHFDSDELOLW\DQGILQLVKWKHFRPSXWDWLRQDQGLIGDWDFHQWHULVXQGHUORDGWKHQLVZLOOEHILQHDQGLIRYHU
ORDGHGWKHQLW¶VLQFUHDVHWKHSRZHUFRQVXPSWLRQDQGWKHUHDUHFKDQFHVRIV\VWHPIDLOXUHZKLFKLVQRWDSSURSULDWHDQG
FDXVH ORVV RI PRQH\ 7KLV VFHQDULR PD\ EH FRPLQJ LQWR H[LVWHQFH DQG GHFUHDVH WKH SURGXFWLYLW\ DQG GRZQ WKH








UHOLDEOH FRPSXWDWLRQ RYHU FORXG HQYLURQPHQW 3RZHU FRQVXPSWLRQ EDVHG ORDG EDODQFLQJ OHDG WR HIILFLHQW
FRPSXWDWLRQDQGLQFUHDVHFRPSXWDWLRQRIGDWDFHQWHUHFRQRPLFDO
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5HODWHG:RUN
&ORXG&RPSXWDWLRQLVDQHZGRPDLQDQGQHHGPRUHUHVHDUFKWRPDNHLWPRUHUHOLDEOHLQRUGHUWRKDYHDEHWWHUXVHU
H[SHULHQFH LQ WHUPRI WDVNFRPSXWDWLRQ:HKDYHSURSRVHGD ORDGEDODQFLQJDOJRULWKPZKLFK LVEDVHGRQHQHUJ\
FRQVXPSWLRQDQGUHOLDELOLW\RIWDVNWRFRPSOHWHWDVNVFKHGXOLQJLQDSRZHUHIILFLHQWPDQQHUDQGEHWWHUXWLOL]DWLRQ
0DQ\ UHVHDUFKHUV KDYH GRQH UHVHDUFK DQG LQWURGXFH XV VRPH EHQHILFLDO DQG RSWLFDO ORDG EDODQFLQJ DOJRULWKP
%URZQ5LFKDUGSURSRVHG DQ DOJRULWKP0LQPLQ DOJRULWKP LQ WKLV FKRRVH OHDVW WKHFRPSOHWLRQ WLPHRI WDVN DQG
VFKHGXOH WR VHUYH DFFRUGLQJO\ ,Q WKLV SDSHU WKH\ SURSRVHG ORDG EDODQFH0LQPLQ DOJRULWKPZKLFK KDYLQJ EDVLF







7KH\ KDYH PHUJHG WZR DSSURDFKHV 2/% 2SSRUWXQLVWLF ORDG EDODQFLQJ DQG ORDG EDODQFH PLQPLQ VFKHGXOLQJ
DOJRULWKPV LQ WKLVPRGHO7KHPDLQ IRFXV RI FRPELQHG DSSURDFKHV LV WR GLVWULEXWH WKH UHTXHVW RU GLVSDWFKHG WDVN
EDVLVRIWKHLUFRPSOHWLRQWLPHWRVXLWDEOHVHUYLFHQRGHYLDDQDJHQW7KLVDSSURDFKQRWVD\LQJDERXWPDLQV\VWHP







FRPSOHWLRQ RI UHTXHVW YLD UHPDSSLQJ RI 90 PLJUDWLRQ +HUH 90ZDUH GLVWULEXWLRQ WRRO LV XVHG WR VFKHGXOH
FRPSXWDWLRQZRUNLQDYLUWXDOHQYLURQPHQW$VJHQHWLFDOJRULWKPFKDUDFWHULVWLFVLVWRILQGEHVWILWWHVW90LQWHUPV
RI&ORXGFRPSXWDWLRQ7KLVSDSHUFKHFNVILWQHVVRIHDFK90DQGVFKHGXOHWDVNDFFRUGLQJO\:KHQFUHDWLQJD90D
SURFHVV H[HFXWH WR FUHDWH WKDW DQG LQFUHDVH SURFHVV ZRUN WKDW DOVR OHDG WR PRUH SURFHVV DQG LQFUHDVH HQHUJ\
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RQ HDFK 90ZLWK WUDFNLQJ SUHYLRXV VFKHGXOLQJ ;LDRER HW DO SURSRVHG DQG 5HDOWLPH 90 SURYLVLRQLQJ PRGHO
ZKLFK LV EDVHG RQ HQHUJ\ PRGHOV ZKLFK IROORZ D 0LQ3ULFH 5790 3URYLVLRQLQJ WR DOORFDWH 90 %KX\D
%HORJOD]RYHWDOSURSRVHGG\QDPLFUHVRXUFHSURYLVLRQLQJZLWKDUFKLWHFWXUDOSULQFLSOHIRUHQHUJ\PDQDJHPHQWDQG
UHVRXUFHDOORFDWLRQSROLFLHV DQGVFKHGXOLQJDOJRULWKP WRPDLQWDLQ4R6TXDOLW\RI VHUYLFH IRUG\QDPLFZRUN ORDG
VFHQDULR$ERYHSURSRVHGDOJRULWKPVDUHHLWKHUJHQHUDO VFKHGXOLQJDOJRULWKPVRUSURSRVLQJD VWUDWHJ\ WR LPSURYH
UHVRXUFH XWLOL]DWLRQ EDVHG RQ SRZHU EXWZKDW LIZH WDON DERXW K\EULG FORXG WKHQZH KDYH WRPDNH VXUH SULYDWH
UHTXHVWVPXVWEHILQLVKHGZLWKLQWLPHOLQHDQGUHTXHVWVWRVHUYHUILUVWRUVDPHWLPHEXWLQZKLFKPDQQHU,QEHORZ




RI WKHP WDON DERXW WDVN RU90PLJUDWLQJ WR IXOILO UHTXHVWV EXW SRZHU SOD\ D YLWDO UROH DQG FDQ¶W EH LJQRUH7KH
SUREOHPZLWK WKHVH DOJRULWKPV LV WKDW WKHVH DOJRULWKPV DUH SURSRVLQJ VLPSOH WDVN VFKHGXOLQJ EDVHG RQ SRZHU RU
UHVRXUFH XWLOL]DWLRQ WR FRPSOHWH WKH WDVNZLWKRXW DQ\ SUREOHP DQGPDLQWDLQ VHUYLFH TXDOLW\ RI GDWD FHQWHU /RDG
EDODQFLQJDOVRSODFHDQLPSDFWRQSRZHUORDGLVKLJKRURYHUORDGHGGDWDFHQWHUZLOOFRQVXPHPRUHSRZHUZLWKOHVV
SURGXFWLYLW\7KLVSDSHUSURSRVHGDQDOJRULWKPWKDWXVHOLQHDUSRZHUPRGHOWRJHWSRZHUHIILFLHQF\RIGDWDFHQWHU
EDVHG RQ SRZHU HIILFLHQF\ ZH KDYH SURSRVHG D 90 DOORFDWLRQ SROLF\ ZLWK ORDG GLVWULEXWLRQ WR PD[LPL]H WKH
XWLOL]DWLRQRIUHVRXUFHVDYDLODEOH LQGDWDFHQWHUDQGPLQLPL]HWKHSRZHUFRQVXPSWLRQRI WKHV\VWHP$FFRUGLQJWR
DOJRULWKPFROOHFWWKHLQIRUPDWLRQRIHDFKGDWDFHQWHUWKHQVRUWWKHPEDVHGRQSRZHUHIILFLHQF\LQVXFKPDQQHUWR
GLVWULEXWH ORDG VXFK WKDW SULYDWH UHTXHVWV WR KLJK SRZHU HIILFLHQF\ GDWDFHQWHU DQG SXEOLF UHTXHVWV WR ORZ SRZHU
HIILFLHQF\ ,I WKHUH LV VXFKSULYDWHGDWDFHQWHUZKLFKKDYLQJKLJK HIILFLHQF\ DQGXQGHUXWLOL]HG DOVRKDYLQJ HQRXJK
FDSDELOLW\ WR IXOILOO UHTXHVW UHTXLUHPHQW DQG WKHQ DOORZ GDWDFHQWHU WR WKDW UHTXHVWV ,I UHTXHVWV DUH XQDEOH WR JHW
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
)L )LWQHVVRI'DWD&HQWHU
    )L 3(L/L       
$VLQDERYHIRUPXODRI8LLVFDOFXODWHGE\JHWWLQJWRWDOXWLOL]HGWRWDO0,36DOORFDWHGWR90ZKLFKDOORFDWHGWRGDWD
FHQWHU3'L2QFH FDOFXODWHXWLOL]DWLRQRIGDWD FHQWHUV WKHQFDOFXODWLQJSRZHU FRQVXPHGE\ WKHVHGDWD FHQWHUV DQG
XVLQJOLQHDUSRZHUHIILFLHQF\IRUPXODDVDERYH7KLVSDSHUSURSRVHGDQDOJRULWKPIRUK\EULGHFORXGHQYLURQPHQWRU
LQRWKHUZRUGVWRVHUYHERWKW\SHRIUHTXHVWLHSULYDWHDQGSXEOLF7RJHWSRZHUHIILFLHQF\RIGDWDFHQWHUVDVZHOO
WRDOORFDWLRQUHVRXUFHVIRUUHTXHVWV LVGRQHZLWKEHORZVWHSV ,QILUVWVWHSZHSDVV WZRSDUDPHWHUVDVDUJXPHQW WR
DOJRULWKPIRULQLWLDOL]DWLRQGDWDFHQWHUVOLVWDQGUHTXHVWVTXHXHOHJWK+HUHILUVWFKHFNUHTXHVWTXHXHOHQJWKLIWKHUH
LVTXHXHOHQJWKLVHPSW\WKHQH[LWDQGLIQRWHPSW\WKHPJRIRUVWHSWZR,QVWHSWZRJHWWKHHDFKGDWDFHQWHUSRZHU








HIILFLHQF\DQG  XQGHU ORDG LI VXFK GDWD FHQWHU IRXQGZKR IXOO ILO UHTXHVW WKHQ DOORFDW SULYDWH UHTXHVW WR WKDW GDWD
FHQWHU%\GRLQJ VXFK90DOORFDWLRQZH VHUYHSULYDWH UHTXHVW XVLQJ OHVVSRZHUZLWK  EDODQFHG ORDG DPRQJGDWD
FHQWHU ,I UHTXHVW LV SXEOLF WKHQ DOORFDWH LW WRKLJKSRZHU HIILFLHQWSXEOLFGDWD FHQWHU LQZKLFK IXOOILO  WKH UHTXHVW
UHTXLUPHQW ,WPD\EHKDSSHQDOO SXEOLFGDWD FHQWHUV DUHQRW DYDLODEOHRUEXV\ZLWKRWKHU  UHTXHVWV ,Q VXFK FDVH
FKHFN LQ SULYDWH FORXG GDWD FHQWHUZKLFK KDYLQJPLQLPXPSRZHU HIILFLHQF\ DQG OHVV ORDGHG LI VXFK GDWD FHQWHU
IRXQG ZKR IXOOILO WKH UHTXHVW UHTXLUPHQW WKHQ DOORFDWH SXEOLF UHTXHVW WR  WKDW GDWD FHQWHU %\ GRLQJ VXFK 90
DOORFDWLRQZHVHUYHSXEOLFUHTXHVWXVLQJOHVVSRZHUDQGKLJKHIILFLHQF\6WHSIRXULVPDMRUVWHSDIWHUDOORFDWLRQRI
UHVRXUFHVWRERWKSXEOLFDQGSULYDWHUHTXHVW2QFHUHTXHVWVSURFHHGHGE\VWHSWKUHHWKHQXSGDWHWKHLUGDWDFHQWHUVOLVW
DFFRUGLQJ WR WKHLUSRZHUHIILFLHQF\DQGDSSO\DOJRULWKP IURPVWHS ILUVW$IWHUDOORFDWLRQRI90DJDLQXSGDWHGDWD


















)RU VLPXODWLRQZH&ORXG6LPSRZHUPRGXOH LVXVHG&ORXG6LPSURYLGHV FORXG VLPXODWLRQ DQGSUHGHILQHG
SRZHUPRGHO VLPXODWLRQ:HKDYH VLPXODWHGSURSRVHGSRZHU DZDUH90DOORFDWLRQ DOJRULWKP LQ FORXGVLPSRZHU
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SHUIRUPDQFH DV FRPSDUH WR SUHYLRXVSURSRVHG DOJRULWKP IRU ERWKSULYDWH DVZHOO DV IRU SXEOLF UHTXHVW ,W LV DOVR
GLVWULEXWLQJUHTXHVWVDVSHUXWLOL]DWLRQDQGSRZHUHIILFLHQF\RIGDWDFHQWHUV7KHPDLQLGHDRIWKLVDOJRULWKPLQFORXG
FRPSXWLQJ LV WR FRPSOHWH WKH UHTXHVWV DV SRVVLEOH DVPLQLPXP SRZHU DQG IXOO XWLOL]DWLRQ RI UHVRXUFH SURSRVHG
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